enzymes in cancer
Creatine kinase (CK,E.C.2.7.3.2), an enzyme catalysing the reversible phosphorylation between creatine and ATP, plays an important role in energy metabolism. High concentrations of CK may emerge in cells with intensified cellular activities, such as tumour cells, since these cells require high levels of energy. CK is a dimeric molecule with two subunits, M and B. There are three isoenzymes of CK, CK-BB, CK-MB and CK-MM. These CK isoenzymes are present in varying amounts in different tissues. CK-BB is mainly expressed in brain, lung, intestine, bladder, uterus, breast, prostate and placenta. CK-MM predominates in the skeletal muscle and the cardiac muscle is the major location of CK-BB (Moss and Henderson, 1994; Wallimann et al., 1992) .
Owing to its close relationship with oestrogen, CK-BB has drawn a lot of attention in breast cancer research. Animal studies have shown enhanced transcription of CK-BB by oestrogen (Walker and Kaye, 1981; Pentecost et al., 1990) . Cell culture experiments demonstrated increased CK-BB levels in breast cancer cells after stimulation by oestrogen, (Scambia et al., 1986a) . Immunohistochemical studies of primary breast cancer tissues indicated a strong staining for CK-BB, which was highly associated with the presence of oestrogen receptor (ER) in the tumour tissue (Scambia et al., 1988) . Preliminary clinical investigations found higher serum CK-BB levels in patients with metastatic breast cancer than in patients with cancer in remission (Thompson et al., 1980) . Higher levels of CK-BB were also found in the cerebrospinal fluid of patients with breast cancer metastatic to the brain (Bach et al., 1989) .
Recently, we developed a new time-resolved immunofluorometric assay for CK-BB. This method is based on two monoclonal anti-CK-BB antibodies and is highly specific and sensitive for the CK-BB isoenzyme (Zarghami et al., 1995) . Using this method, we demonstrated that cytosolic CK-BB levels were significantly higher in breast cancer tissue than in normal breast tissue. The presence of CK-BB in tumour tissue was highly associated with the presence of the ER but not with the presence of the progesterone receptor (PR). In the present study we examine whether the CK-BB concentration in breast cancer cytosols is associated with other clinical and pathological features of breast cancer as well as the survival of breast cancer patients.
Materials and methods
Patients with breast cancer Tumour tissue was collected from 172 primary breast cancer patients aged between 25 and 91 years (median age 56 years). These patients were diagnosed and/or treated in the Department of Gynecologic Oncology, University of Turin, between January 1988 and December 1991. They represented 70% of all new breast cancer cases seen at the department during that time period. They were consecutive cases collected under the condition that sufficient tissue remained after pathological examination and receptor analysis. Patients with bilateral lesions, Paget's disease of the breast, or disseminated disease at the time of diagnosis or within 2 months after surgery, and patients who received only palliative treatment were excluded from the study.
All patients in this study were treated with modified mastectomy or conservative surgery plus post-surgical irradiation of the breast. Axillary lymph nodes were examined by pathologists for 163 patients; the mean number of nodes examined was 15 + 6 (one standard deviation). Eleven patients did not undergo node dissection because they were older than 75 years. The patients were followed-up clinically every 3 months for the first 2 years after surgery, every 6 months for the next 3 years and then annually. (Spiessl et al., 1989) . Tumour specimens were histologically graded and typed based on criteria previously described (Bloom and Richardson, 1957; Hopton et al., 1989 (Zarghami et al., 1995) . The assay has a limit of detection around 0.002 ng ml-' and a measurement range to 10 ng ml-'; the within-run coefficient of variation (CV) is 4-9% and the between run CV is 6-12%. The assay has no cross-reactivity with CK-MM and a minimal cross-reactivity (3%) with CK-BB. The assay uses two monoclonal antibodies (OEM Concepts, Toms River, NJ, USA) one of which was coated to white microtitre wells and the other one was biotinylated. For detection, we used streptavidin conjugated to alkaline phosphatase (ALP). The ALP substrate was 5'-fluorosalicylphosphate which, upon hydrolysis, forms highly fluorescent complexes with Tb3+ and EDTA.
Total protein concentration in the tumour cytosols was measured using a commercial kit based on the bicinchoninic acid (BCA) method (Pierce Chemical, Rockford, IL, USA). ERs and PRs were measured with the dextran-coated charcoal (DCC) method (Thorphe et al., 1986 (Thorphe et al., , 1987 and the results were grouped into receptor-positive and -negative categories based on a cut-off value of 10 fmol mg-' total protein.
Statistical analysis CK-BB values were categorised into two groups, high and low levels of CK-BB, using the median as a cut-off point. Relationships between CK-BB levels and other clinicopathological variables, including patient's age, clinical stage, histological grade and type, nodal status, tumour size, ER, PR and adjuvant treatment, were analysed using the contingency table and chi-square test. Associations between CK-BB levels and patient survival (relapse-free survival and overall survival) were evaluated using both the KaplanMeier survival analysis method (Kaplan and Meier, 1958) and the Cox proportional hazards regression model (Cox, 1972 High CK-BB levels were associated with presence of the ER but the difference did not reach statistical significance (P=0.10). The PR does not seem to be associated with CK-BB (P=0.25), in accordance with previous results (Zarghami et al., 1995) .
Most patients studied (70%) had ductal carcinomas. The rest of the histological types observed were lobular (13%), lobular in situ (2%), medullary (5%), papillary (2%), tubular CK-BB levels and patient survival The follow-up time of the 172 patients studied ranged from 7 to 67 months with a median of 33 months. During the course of follow-up, 42 patients relapsed and 27 died. No significant difference in CK-BB levels was seen between those patients with recurrence and those without recurrence as well as those who died or those who are still alive (Table I) . However, the patient group with low CK-BB levels in their tumours demonstrated fewer relapses and fewer deaths than the Overall and relapse-free survival curves for all patients are shown in Figure 1 . Patients with high CK-BB levels have lower survival probability during the follow-up period, but the differences were not substantial as also demonstrated by the relative risk in the Cox regression analysis (Table II) . The P-values for the log-rank test are shown in Figure 1 .
The discrepancy in the extent of the RR for death between the univariate and multivariate analysis suggests that the relationship between CK-BB and survival may be complicated by some clinical or pathological variables. To examine this possibility, we conducted overall survival analysis in subgroups of patients categorised by their ER or nodal status (Figure 2) . The results indicate that a significant overall survival difference between the high and low CK-BB groups might be present in the patients with ER-negative cancer, but not in those with ER-positive cancer. When the patients were stratified according to nodal status, those with node-negative The P-value of the log-rank test was not statistically significant. 
Discussion
High CK activity in cancers has been noticed for years. A plausible explanation of this phenomenon is that tumour cells with high capacity for growth and proliferation may require large amounts of energy supply to maintain these cellular activities. The elevation of CK serves to meet these requirements. Two recent developments may further improve our understanding of the role of CK in cancer. KaddurahDaouk et al., (1990) found that proteins encoded by oncogenes from adenovirus could enhance the transcription of the CK-BB gene. Other investigators have demonstrated in in vitro experiments that the growth of tumour cells could be suppressed when the energy metabolism involving CK was interrupted by replacing creatine, the normal substrate of CK, with analogues that have much lower rates of transporting energy than does creatine (Martin et al., 1994) . Although the mechanisms may be different, the suppressive effect of creatine analogues on tumour growth is identical to that of most routinely used chemotherapeutics.
The association between CK-BB and oestrogen was first recognised in animal studies. It was noted that levels of some proteins in the uterus of immature rats were increased significantly after administration of oestrogen. The major component of the oestrogen-induced proteins, called IP, was found to be present abundantly in the rat brain and was later identified to be CK-BB (Reiss and Kaye, 1981) . Elevated CK-BB, stimulated by oestrogen, was also observed in other reproductive organs of rats (Malnick et al., 1983) . It was confirmed, both in animal and cell culture studies that oestrogen could up-regulate the production of CK-BB at its transcriptional level (Walker and Kaye, 1981; Scambia et al., 1986a; Pentecost et al., 1990) . These findings led to the suggestion that CK-BB might be used as a biochemical marker of oestrogen action in oestrogen-related cancers like breast cancer.
CK-BB was found to be increased in the serum of breast cancer patients. Furthermore, the CK-BB levels were even higher in women with metastatic breast cancer (Thompson et al., 1980; Rubery et al., 1982; Neri et al., 1988) . This phenomenon was also observed in cancers of the colon, stomach, prostate and small-cell lung cancer (Arenas et al., 1989; McGing et al., 1990) .
The CK-BB concentration is higher in cancerous breast tissue than in adjacent non-cancerous or normal breast tissue (Tsung, 1983; Zarghami et al., 1995) . High CK-BB levels in breast tissue tend to occur in steroid hormone receptorpositive cancer (Scambia et al., 1986b (Scambia et al., , 1988 but not all published results agree (Kaye et al., 1986) . We recently reported that CK-BB is associated with the ER (Zarghami et al., 1995) . In this study, this association did not reach statistical significance probably because of the smaller number of patients in this study (172 vs 336) and the different methods used for the receptor assays. In the previous study, receptors were measured with immunoassays; in this study we used ligand-binding assays.
Most patients with ER-positive breast cancer are expected to have a good prognosis. Only 20-30% of these patients will develop recurrent or metastatic disease within 5 years (McGuire and Clark, 1992) . A strong oestrogen impact is believed to be associated with the growth and aggressiveness of certain types of breast cancer cells. If high levels of CK-BB are a sign (or consequence) of an intensive oestrogen influence in the tissue, as suggested by the animal and cell culture studies, then, a positive association between ER and CK-BB may complicate our understanding of CK-BB in relation to oestrogen because oestrogen and ER are two factors that seem to have an opposite impact on the outcome of breast cancer patients.
Relapse-free and overall survival of patients with high or low CK-BB were similar when the clinical and pathological features of the cancer were not considered. However, after adjusting for these factors, the overall survival was significantly different between high CK-BB and low CK-BB patients. Almost four times higher risk for death was observed for patients with high CK-BB cancer. This finding is not unexpected if one considers that a high level of CK-BB is an indication of a strong impact of oestrogen on the cancer cells.
Why does a survival difference associated with CK-BB become evident after controlling for clinical and pathological factors? Further analysis suggested that ER status might obscure the observation in the univariate analysis. However, the survival advantage attributed to the low CK-BB category only existed in patients with ER-negative cancer. Owing to the small number of patients involved in the analysis, this finding needs further confirmation with larger patient groups.
Among the clinical and pathological features, age was the only one substantially associated with CK-BB levels in the cancer. The number of patients who were under the age of 50 was almost doubled in the high CK-BB group compared with those in the low CK-BB group. Since no information is available to indicate that CK-BB levels may vary with age in normal tissue, we could not determine if this association is specific for breast cancer.
Normally, CK activity in breast tissue is due mainly to the CK-BB isoenzyme (70-90% of total activity). Only occasionally could CK activity in the breast be attributed mostly to CK-MM. According to our previous study (Zarghami et al., 1995) , this phenomenon occurred only in two cases out of 336 patients whose tumour cytosols were measured for both total CK and CK-BB. Therefore, our results should not be distorted by the situation that high CK activity is missed owing to contribution by CK-MM.
In summary, CK-BB levels in breast cancer are higher in patients < 50 years and are not associated with other clinical and pathological features, including clinical stage, nodal status, histological type and grade and tumour size. There is no significant difference in relapse-free survival between patients with high CK-BB and low CK-BB cancer, but a higher risk of death was observed in high CK-BB patients when other features of the cancer were adjusted. This study does not support the idea that CK-BB could be an efficient prognostic marker for breast cancer. However, CK-BB might be useful in the future to select patients who are more suitable to receive treatment that targets the CK substrates, to disrupt an energy metabolic pathway of tumour cells.
